
XEROX 

OTS PRICE 

MICROFILM $ 



A FEASIBILITY STUDY OF A RADUTICN ANALYZER FOR THE ZODIACAL LIGET 

- 

Auguste L. Rouy 

and 

Iamence H. Aller 

NASA Project NsG-SSO 

March 1, 19& 



Although the  zodiacal l ight,  has been known f o r  millenia,  accurate photo- 

metric measurements of it have been a.i;terr;pted orly recect ly .  

d i f f i c u l t i e s  with sca t te red  l i g h t ,  airglow, and atmospheric exLinctior., 

ground based s tudies  of surface br ighxess  and polar iza t icn  show enornous 

discordances. 

rudimentary theo re t i ca l  analysis ~ ~ u l d  have t o  be made above the  e a r t h ' s  

atniosphere and i n  t h i s  report  we have examir'ed t k p  f e a s i b i l i t ; r  of such studies.  

Because of 

It would appear t h a t  mezsurements su i tab le  ;:or even the most 

We requi re  determinations of t he  surface brightness, B, and of t he  p l z L e  

polarized and elliptically polarized components of the scat tered r ad ia t ion  as 

a function of e longat ion& from the sun ar,d c e l e s t i a l  l a t i t u d e p  and of  t he  

wavelengti of t h e  radiation. 

Since the  surface brightness of t h e  zodiacal l i g h t  va r i e s  from lo-', t h z t  

of the  sun i n  the  outer  corona t o  

sccurabe photcmutry and polarimetry irr.pose sone exacting c ~ n d i t ~ i c n c .  

assessrnent of the  problem involved show t h a t  d t h  a.vailaSle op t i ca l  va t e r i a l s ,  

detectors  and e lec t ronic  devices it is possible t o  measure wi tn  s a t i s f ac to ry  

precis ion and a t  several  wavelengths t h e  intensi ty ,  t h e  percentage polarization, 

the or ien ta t ion  of the  plane of polarization and the  amount of c i r cu la r ly  

polarized and unpolarized l i gh t .  

of Stokes parameters although we have not done SO. 

t h a t  of the sun a t  l a r g e  elongation, 

A detai led 

I? one wishes, t he  data can be given in terms 

From such data, obtained a t  several wavelengths with a band pass of about 

100 A' it should be possible t o  determine the spac ia l  d i s t r ibu t ion  o f  tho 

par t . i c les  @ran measxrements made over a long range i n  elongation) and something 

about the  size d i s t r ibu t ion  froin the d i s t r ibu t ion  of brightness near the  sun, 

from t h e  color and from the polasizstion. 

plane and e l l i p t i c a l  components of polar izat ion it should be possible to M e r  

From measurements of B, ani both 0 
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whether the  par t ic les  are 

properties of each and of a 
in this study o? t h e  

d i e l ec t r i c  o r  inctall ic and t o  estimate the  r e l h t i v e  

f r e e  elech-onso 

f eas ib i l i by  of the exprLTerit, the  main p o b l ~ ~ s  of :  

sca-ming prucedwes, l i g h t  energy levels, s ta r  crcssinz noise, l i g h t  trar.s2ucer 

requirements, method o f  measurement of degree of polar izat ion and elEl ; t ic i ty  

facto.-s , r e l a t ed  ins  t rmen ta ion  and. fa i l -safe  actuztion have been considered. 

The feasshilitg has been establishxL !or. the  spectral raqge of 13500 t o  2 6COO 

within xhich a large s i & r t a l  t o  noise r a t i o  of sonie 50/1 o r  more is ava i lab le  

leading t o  c l a s s i ca l  e lectronics  treatment 
i 

The s tudy  is pcesefited iii t he  t e n  f o l l m i n g  chapters d e a l h g  x i t h  t h e  

different  aspects of  t h e  problem. It has been deemed necessary t o  incorporate 

i n  t h i s  work the  reviewing of some w e l l  k ~ o m  fundaxw.tals t o  zvoid, l a t e r  on, 

possible rnisinterpretation of astrophysical da ta  at the designing and pre- 

l i n ina ry  experimental s tages  . I n  some instances a l te rnz t ive  s o l u t i m s  t o  

problems have been suggested. It i s  hoped t h a t  spec i f ic  knowledge of  t h e  

the  design of t he  proposed in s t runmt  t o  the  engineerihg stage. 

We are indebted t o  the authors of OILX main socrces of reference. These 

have been : 

T*!einberg, I. L. - Plotoelectr ic  Polarimatry of the Zodiacal Light  
a t  35300 (Haleakala) - ?h.D. thesis, 1963 

Blackvell, D. E. and Ingham, M. P. - Cbservations of  t he  Zodiacal 
Light From a Very High Altitude S ta t ion  - T'ne Average Zodiacal 
Light - Mon. Not. Roy. Astron, SOC. V 122, p 113, 1961 

Allen, C. IJ. - Astrophysical Quantities - Lorxion, Athlone Press, 
P 116, 1955 

Johr,sm, F. Ss - The Solar Constmk - J. Pkteor. 11, 431, 1954 
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Because sorr~e of the  technical prcb leas  in t h i s  t i o rk  =e ccraon -GO those 

encowtercd previously i n  this IaboraLory x*[.ic have inclu2ed in che ?resect 

report a C O ; ~  of  t h e  recent  publicatior, 

New Approzched". Science - 142  200-208 (1~96-j) . 

a 
"Ikasurement G: Cptical  Ac-clvity: 

The repor t  i s  i n  the  natcre  of an uiicorrected page-proof. '?here are t h e  

usulal errors caused by %he typist; alas not many t-flists are ~ O G  Xr,cjk??g of 

astro?hysics and algebraic notation. 

substance of t h i s  progress report xi11 Le m x e c i a t e d .  

Suggeszions arid critic is^ co2Cei'Ckig t h c  
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An O.S.O. vehicle c i r c l i n g  around the  earth,  above i ts  

atnosphere offers  t h e  oppo;rtunfty to measure tne r e l a t i v e  

brightness of t h e  zodiacal l i gh t ,  :its degree of polar izat ion and 

s i n i l a r l y  i t s  e l l i p t i c i t y  factor .  

t he  surface of t h e  ea r th  exceeds some 150 kms, t h e  vt h ic l e  w i l l  be 

always higher than the  "emitting :Layer" 2.x an d . t i t ude ,  f'rorr ground, 

of some 100 luns and a f o r t i o r i  above t h e  ozone layer  and the  

scattering atmosphere. These experbenta l  conditions should 

eliminate o r  at  least minimize t o  negl igible  quant i t ies  t h e  abcrring 

t e r n  which l i m i t  t h e  precision of the grcjund observations. 

i r r ad icn t  energy of the zociiacal X.&k w i X i  be higher aci itis degree 

of polariga.tion as well as i ts  e l . l i p t i c i ~ y  fac tor  made more accessible  

wit,haut or  with veiy l i t t l e  correction. 

Since its orbi t ing  distance t o  

I 

The 

Naturally, t h e  spinning of t1.e vehicle about a preferred axis 

introduces experimental condition! completely d i f f e ren t  from t h e  

ones encountered at ground stations. 

A t  first, it seems that such vehicle might not be su i t ab le  t o  

cmduct tin orderly scanning of the zodiacal light. It may preclude, 

i n  part or  i n  t o t a i t y ,  t h e  obs;ervation during a cer ta in  part of its 

c i r c l i n g  cycle, mainly f o r  tna t  PSI% of its trajectory behind the  

ear th  which respect t o  the  position of t h e  sun. 



w11f:h in al.3.  cvenluali';y vi11 a-p:~~ ,L:.* 

duration i n  t h e  cy1. i~ scanning oi' ,he 

;i signal pulse of short 

zodiacal l igh t .  

The mechanism and. procedure GI.' the  scarming irnposed by the 

natuze of t he  0.S.O;rehicle c m  be cvlit;l.ined and discussed rea8ily. 

For l;hi.s purpose one c'm e lec t  ;z : ; e t  o f  S,!i.?ee axes of coordinates in 

wh:ieki Lhe axis OZ,, orthogonal. t o  h~> respect ively orthogonal ax& Ox 

and OY within tht? plane of the eci.Iptic,,  i::: orthozonal t o  t he  same 

p1,a.w of the zc i ip t ic .  Tie three  G C S  pass through t h e  sun as origin 

wit t h e  Gxis OX nay be selected. t~ c o t  :ciC.e with t h e  apsides l i n e  for  

f i r t he l -  reference tri-th c e l e s t i a l  ,noc.rd?.mtes. 

distances aid dimensions involved, t;Le pcsi t ion >f t h e  O.S.O. vehicle 

can 'be collsiti.ered as being defined by t.he p s i t i o n  of the  e a r t i  on i s  

I 

On account of th.e r e l z t ivc  

0 
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Ybe C1wee o-rthogonal. Tnx4iors ax, c~y, oz define zhe s ~ ~ ~ - l e r n  of me:; oI' 

reference whose or ig in  coincide:; w i t h  tke sm; t h e  axes ox znd oy Seine; 

i n  t h e  _~Lw.e of the ec l ip t i c .  

Xr, t h i s  system of coordinates: 

represents t he  radius issued frcn t h e  sun 0 znd passing thrc@% the  

pc:;ition of t h e  vehicle V i x  xke p1a.w of -the ec l ip t i c .  

g y  

t;he ctmgii.a.r elevatkon of vs w i t h  respecr; i;o the ecl ipzic .  

yd the projsc3fon of' t he  axis of spLi vs Ziko -Lie p lme xoy 

E'' the elongation of the  projection vh wLth respecc t o  t h e  di rec t ion  vo 

VTl, VT2 l ines of sight wi th in  t%c p l e ~ e  02 t n e  e c l i p t i c  a d  ma?ri~g the 

anzLe (p 
elongat:on of -:he l ines  02 sigk; J T ~  zi-id ~2 reckoned from ziie 

t 

with t h e  axfs of s p i r  vs 

A S  
pzo jectiori vh 

elonL;tion of the  lir,es of sight VJl reckoned "om the d i rec t ion  vo 

OYl ET2 t race,  i n  t i c  plane xoy, of t he  plane nr3:mal i n  A t o  the axis 

of spin vs m d  coritaining the sun e. 
mgular velocity of spin of the vehicle. 

4 
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Triangulation of the scanning of the Zodiacal Light 

5 



Form this relationship,  one obtains t h e  elongations El and 

direct ions of s igh t  VTl and VT2, i n  t h e  plane of the e c l i p t i c ,  i n  

t e r n  of t h e  elsqatisn & sf t h e  projection of tho axis of apin VS 

at the  elevation 2, and of t he  angular distance 

line ~f sight .horn the  said axis of‘ spiii VS 

of t h e  

of the revolving 

as per 
t; = 6. - A €  3 x -  6 
( = < + a &  5- 7 

Also it  i s  seen that  the angular posi t ion of the revolving 

plane containing tine direct ions of s igh t  Wl and VT2 is  given by: 

&mat z + .L‘ ”./” z - 8  
&G8 P 

when the 1 b e s  of s igh t  a re  contained x i t h i n  the plane of the  ec l ip t i c .  

Those par t icu lar  points define the  c o n d i t i p s  wider whjch the l i n e  

of s igh t  becones contained within the plane of t h e  ec l ip t i c .  

conditions must be satisfied at  every cycle t o  acceed t o  t h e  peak of 

Those 

the  brightness of the zodiacal l igh t .  

angular points a r e  not suf f ic ien t  and the geomtry  of the  t r a c e  of t he  

But for a general  :idiscussion, 

scan must a lso  be considered. 

express the  1 posit ion of t he  l i n e  of s igh t  i n  space i n  terms of i t s  

instantaneous e&evcvtion A and of t h e  angular distance 

onto t h e  plane of the  e c l i p t i c  wi th  respect t o  the  projcct lon of the axis 

of spin located at t h e  elongation 

distances I and (p’are a l s o  f’unctions of the angular ro ta t ionwrof  t h e  

plane containing the l i n e  of si&&, the t r a c e  of the scanning becomes 

defined i n  term of t h e  time. 

For th i s  purpose it is more su i t ab le  t o  

, 

of i ts  projection 6 
from the sun. Since the a,tigula,r 

I 

a 
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A t  ectch revolut-ioo, in the vicinity of t h e  sun, t h e  fail sa% zirca. 'xy 

centered onto the  sun. 

behind the  earth,  then the  elongations of scaa are centered at 180 

wft'n excrursions of POo on each side. Tor  a s h o r t  park of the  orbit ot' 

the  vehicle  the  sczming will enconpass 8 range of elongations varying 

On the  ot1i-c.r h n d ,  when tne vehicle i s  located 
0 

I f r o m  0 t o  m0. 

on the fail  szife circuii; as well as on a riLt'ner r€gid progzmjng. 

Tne data as obtaiaed r ~ i l l  have t o  be processed t o  obtain t h e  brightness 

of t h e  zoiiizcal light tn term of arngKLtzr distances fron i t s  plane of 

sym~etry at given elongat i6ns. 

SECCTJD CASE 
--I-- 

In o g o s i t l o n  t o  -the f i rs t  case, let's now consider t he  cass i7herd 

a d  
Prevail. 

IO 



The t races  0:: t h e  scanning becone c i r c l e s  centered about t h e  sun, 

since t h e  axis  of spin of t h e  vehicle passes through it. Those 

c i r cu la r  scans in te rsec t  t h e  plme of the  ec l ip t i c ,  thus t h e  plane of  

symmetry 02' t h e  zodiacal l igh t ,  at r igh t  mgles.  For each revolution, 

t h e  elongations i n  the  plane of the  e c l i p t i c  are given by: 

0 
I 

E a  2 y 
and a r e  s p m e t r i c a l  with respect t o  t h e  sun. 

Two consecutive yealks occur a t  equal i n t e r v a l  of th&. Being 

symaetriccily located wi-bh respect t o  t h e  sun, those ljeaks can be 

compwed for t h e i r  magnitudes. The f a i l  sa fe  c i r c u i t  w i l l  have -GO a c t  

only on accidental  set t ing.  

%ne scug f o r  elongations varying from few degrees t o  180 degrees 

w i U  have t o  be obtained during tvo d i f f e ren t  portions of t h e  o rb i t  of 

t h e  vehicle. From 0 t o  90' elongations, t h e  instrumentation mst 

operate when t h e  vehicle is locate3 between the  sun and t h e  e-h: 

angl-e q3 baing s e t  at values varying from 0 t o  90' from t h e  axis of 

spin. 

t h e  instrumentation must operate when the  vehicle passes behind the  

t h e  

On t h e  contrary, f o r  elongations varying from 90 t o  180 degrees 

earth. 

f ron  90 t o  180' with respect t o  the axis of spin. 

In t h a t  case, t h e  angle Cf i s  s e t  at  angular distances varying 

This mode of scanning 

appears ra ther  simple and leads t o  simple data acquis i t ion and presentat-  

ion. 

However, one must note t h a t  6uring passage behind the  sun, it 

will be jnpssible t o  reference the brightness of t h e  zodiacal l i g h t  

zgainst  the sun for  half the period of t h e  o r b i t  of t h e  vehicle. 

d r i f t  reference c i r c u i t  w i l l  have t o  be provided. 

A low 

0 



1 , 

z- r7 

1 - 2 0  
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centered onto t he  spin axes. 

For all eve;ltildity one can conclude t'mt the  scanning of the  

zodiacal li&t from m orbiting spinning vehicle is feasible. 

Pram t he  three main cases as discussed the second one, correspondhg 

?XI $ti@ &is Qr' Spill p$SSing tiW0Ugh tile Dill?-, B O Q E i  %kt2 8il t@~&3t 60 

car ry  out. 

differtat  energy l eve l s  corresponding t o  El a d  &. The f i r s t  case 

is possible but imposes serious restrictioris on the  programi-ig and 

the data must be processed for t h e  exzct dcteruination of the  peaks. 

I 

Tne th i rd  czse requires the  referencing agaiast  two 

13 
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% ~ t ?  brightness of the zodi. c a l  l igh t ,  its distribution in t e r n  

of the elongation f m m  the  sun :md dcr:rec 0% p o ' m i z ~ t i o n  h$'.vt? been 

reported by sevai-al investigators.  

[ &ma.c.s2l;ayya 19581 and lately by We-inberg rHa,lecitcda 19621 are 

I" 
Tfie dxca obtained by B12,ckwell 

ccms idered its =in references . 
U:iSng di rferent methods, photographic ISlates for BlackweUts 

e?: perllilen -t; arid d i rec t  phot oclcc.t, .rl. c phot oaet ri c ue asurernent s in 

We:i.nbere;'s survey the reported do.i;a cgrce rnir2.y 'I ell in spite of the 

f a c t  t h a t  the bat16 passes vere d:t!'fcrcnt. 

fiit;er of some 100 mFZlirnicrons b a d  pass :rhile Veinber): elected an 

equiva.S.t?at 70 A* band psss in€eri'trence f i l t e r  whose peak ha:; been 

jucticimsly selected for X =5300~~, 

O S ,  
Blsc l r~+~el l  used a E+i 

eloigcrkions € i n  t hc  added :ye.jdi. The brig1il;nef;s €3 are referred 

rzgsirizt; the brightness &, of the Sntegrated solar disk. 

C!onsecutively t o  t h e  exm€na%ion of the distri'oution o f  the 

values of' t h e  relative 'I?si&tness as r33porkd, it became evidbt that ,  

for  c1mq;atim.s 0 

[EI/Eb31 could be tentativeQr represented by a stAttiplht l ine  3,s showa fn 

chc p q h .  .From t h i s  graph we have de:-ived a close f i t t i n g  expression 

sat is fclcf;l)ry for  General discuss ion. 

ranging f'rm 29 t o  100", t he  relative brightness 
I 

Bri,?hincsn V.S. elongation ToUov cZ x e l y  t h c  relationship 

14 
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I From Lhc wquired data, rehi,ice ;o ;tic brighsness oZ t h e  zodiacal 

li@t, it c h l d  be inferred tint ~ I I C  l i s t r ibu t ion  of t he  br-illiztnce 

fo2l.sws cp$rakima,tLvdy a Gaussian dis ';rLbut ion centered about its min 

3y several o'bservers - part icular ly  3~ ; t ch  a d  his associates, ant2 . 

Brightness dis t r ibu t ion  perpendicular t o  the ccli ,ptic p l w e  can be 

re'preser:ti.,d reasonably irel.3. by a Gm:;s  iz. I i.=-tril;u.Licln. A C-awssiul 

I 

where 

Tine value of the rate of v&ri.t;ion 3' exhibits t w o  pea&, equal in 

0 absolute value but op-posit i n  sign, l.ocata3 at equal distance from tho 

peak of brightness as per: ,=-cC* 
19 
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a- 4 

x- 7 
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c o q a t i b l e  f o r  the necesszmj si6111 to noise ratio. 

t he  a.>pproxinute difference of t-m oi*dcrs oi"' nxqy*itude, it is appropia te  - 

Also in view of 

26 



A decision for t h e  value of t!ic Tiel2 of v-iz:r of the b S t i U z z t  

camoli be taken at  first cglzmce. 

i t s  e:el"ects should be done. 

4 t  l e a - t  some p-eliminary a n a l T y s i i s  of 

-- * -ki one considers the noted n?pcirent Gzusslan d i s t r ibu t ion  of t he  

br3,@xt;ness of t h e  ::odiacal l i g h t  t ea t a t ive ly  expressed by 

where in 

it is possible t o  evaluate the at ta i rnbls  uncertainty i n  angular posi t ion 

versus t h e  rzsolvtng pover of th? i n s t m c n t a t i c m  a d  this under i d e a l  

conditions e 

27 



since K~ has been evaluated a t  ice, = 1.13 

Through differentiation of j4.1 o x  ob-Lains the re la t ive  

u tic ert aain 1; y 

Y- 3 

T- 4 

value : 

t h e  an-lar :posit ioii  of t h e  peak Fecomes ?.etemined within a lbit of 

28 



d i s t r i b u t i o n  occui-s st - "/t & f b K )  

t h a  eleczronlss ~ssoci:xi;c2. with data acquisitim 

there is a v G r y  favorable wgment for process - vi, 
d i s t a c e  &;$&') since for that posi t ion the  

/ 

second der ivat ive passes through zero end therefore  ceu-i trigger with 

precision the  s a q l i n g  at that pcrLtLtfon. 

l'hose ideal conditions cmnot be achieved s ince t h e  angular f i e l d  

of view u must be assigned i? v d u e  coqzt ib leAwith  t h e  requireaent 

for adequate s igna l  strengbh while decreasing t h e  r e l a t i v e  aaplitude of 

the  pulse ccused by & crossing s ta r .  

A n  asa lys i s  i s  necessary to evalluzte t h e  blunting of t h e  peak of 

brightness of the zodiacal. l i g h t  md t h e  loss  of precision in ar;gular 

posi t ioning consecutive t o  a given angular f i e l d  of view. 

29 
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orthogonal axes of coordiaates ceixered onto the axis of the  f ie ld  ol' 

view U defined by the c i rcu lar  operture of the  f i e l d  diaphr- OF 
diameter 2u4 zu 
axis of ~ i i ~  brightness of the  r~oiiiacizi light 

distance of t h e  axis Bo= 
reference ox 

of mxxtaum brightness f ron  t h e  itxis of 

distance, Trora the  auis  of reference ox, of t i c  zone of brightness B at 

the  d i s t m c e  rr7 fron the peak Bo% 

i 

. 
30 



Collected energy as a func t ion  of t h e  angular f i e l d  of  view TI 
and of tke a n p l n r  dlstsnce of the peak of the zodizcal iig:qi 

31 



For t h i s  puqnse 

of the zodiacal l i g h t  

eciuivdent series 

wkich, arourd t he  peak, casl be expressed by the 

Near the  p e d  one can ncg1ee-t the t e r x  of higher order t h m  t h e  

second. 'This a s s u p t i o n  is permissable viicn the  angle of f i e l d  of view 

remins l imited t o  EL f e w  degrees. 

Considering the prac t i ca l  case for vhich t h e  f i e l d  01' view being 

limited by e c i r c u h  f i e l d  d i @ r a p  one can express the el.cmntary 

flux of energy dE corresponding t o  incinitesimal increlr:Jt of 

are2 of t he  r'ield as per:  

-dE= B,2 z+ -8- 6 

The brightness B of t h e  zodiacal light can be defined in t e r a s  

of t h e  brightness Boz of t he  peak and of its distance W from t h e  

elementary surface ares aa%bl0 1. traisfomation of coordinates 

yie lds  : 
L o =  y- a* 

hence 

and 

Expressing the coordinates x and y i n  terms of t h e  e.r..gular 

f i e l d  of view u l imited by the  dizphragm, 

that is:  
2 =2  L.L/co3e( 

y =1L/&a 
2 

0 l eads  t o  the final value of the incremental energy 

T-- 7 

p - i/ 
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I .*. -.. 

Pn ifitegration wlthin the  l i m i t  -r/~ t o  +"/r 
energy pss ing  through t h e  f ie ld  diaphrap: 

gives t h e  t o t a l  f lux of 0 
I 

Ti 13 

Performing the  integrat ion,  ore obt,zins : 

f o r  t he  expression of the t o t a l  flux passing through -&e f i e l d  diaphragm. 

It is seen t h a t  t'ne accepted energy i s  made of' two q u m t i t i e s :  one 

var iable  and the other constant. The quant i ty  

is t r u l y  representative of t he  brightness B exis t ing at t h e  distance 

We lrom the  locat ion of the peak and Troportional t o  the square of 

th12 angle of f i e l d  of view. 

The constant quantity, independent of the distznce 0, of pezk, 

appears t o  be a l s o  proportional t o  the  so l id  angle of the b s t m e n t a l  

acceptance and has the  r e l a t ive  hreywsr A d e '  
m a g n Z d e .  i 

9 K U "  -- Y -/G - %  
16 I -kU:  

A& 
E 
- = -  

The evaluation of the  re la t ive  loss f o r  the Teak intensi ty ,  occuring 

f o r  L%=o 7 resu l t ing  frm arl angular f i e l d  of view of 4 degrees 

leads t o :  

and down t o  
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On t he  other hand t h e  angular r e l a t ive  sens i3 iv i ty  is again given 

an3 appears as unaTfected by tile regiitude of field zlf view. 

Therefore it citl? be s ta ted  tht t h e  m l u e  of t h e  f i e l d  of view does 

not distort the  d is t r ibq t ion  of the Srightness it introduces so l e ly  a +'? peak MJgRl'trde. Z e  beQm&iqe of 
small reduction can be t rea ted  as a paraaeter of over a2.l transmission 

through the  optics.  

due CGZLSid3i*&%On E d S t  be g ~ ~ * e n  tG t h e  ;'%,C% thzt tke  absohte  

var ia t ion  being proportion& t o  the  

so l id  angle of view, one can by increasing z/ 

r e l a t i v e  influence of the equivalent noise biput of the transducer. 

, fo r  a given change A&,, 
m h i a i z e  readily the 

Froln t h i s  developaent one arrives at the conclusion that t h e  

practical angle of f i e l d  of view w i l l  be mostly limited by the 

charac te r i s t ics  of t h e  opt ics  and possible angular acceptance. 
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where 

If 
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and taus exprsss 3&/3) on an &solute scale, ox i n  term of S G E ~  

other un i t  such as rider of ten th  mgnitudz s t a s  p r  squme degree. 

The garmeters f o r  the observation of the brightness of t h e  

zodiacal light having been defined s ~ e c l ~ L c d J y ,  it appears Gppropriate 

t o  kev iew the  fkndment& entering i n t o  deslignbg, t e s t b g  and cont ro l  

of the instrumentation. 

In th i s  s'tuiiy, one i s  constantly f;ceii with the obl igat ion 03 

converting brightness i n t o  available energy per unit area et given 

dis tance from t h e  source and also t o  evahzte t h .  degrze of r e l i a b i l i t y  

of recorded data. 

determination of bokh op t i ca l  and electrical parameters of the  

in s - tmen ta t ion .  Koreover the  behavio- of tile i n s t r m e n t  should be 

evaluated in terms of spec t r a l  ~ i i s t r i b ~ t i o n  of tne Light energy instead 

Woss e r rors  could bct e a s i l y  introduced i n  t h e  

of one or several discrete band passes i;tl .x;s'oTiah i t s  rmge of 

application. 

A s  a consequence, it has been de2.-.:5. necessary t o  review the  

fbndaientals relatTing the mis s ion  of 1i.Sk.L energy, brightness of the 

Source and flux of energy per u n i t  ~f t l i r i z  ",npingi.ng onto t h e  uni t  

area of  a dis tan t  col lect ing strrf'ace. 

?!!LIS Lmbert's l a v  s t a t e s  that the mer,= BR 

of a perfect diff'usor: LoK.~  a direct ion nzking en engl.6 

w i t h  t he  normal -to t he  surface, ,s equal 30 the product of t h e  

emitted per u n i t  a rea  

of t h e  surface 

C4 

i n t e n s i t y  of emission Bo i n  the direct ion of t h e  normal by $he cosine 

02 the angle &! . TIXIS the r eb t ionsh ip :  

0 3 s B* W b  3 - L  
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eqw.1 t o  rzdiws t ixes  t h e  Mxmi-ty Eo of the exission 02 

energy elong the directicn nor-& t o  t h e  sur2ace. Conversely t he  

The solrd angle under which the irradiated surface S1 is seen 

?ma the eleiaentay missive surface is  reasured by: 
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of the col lect ing surface SI from the noma1 to %he e1emeu:;zry erLss.ive 

surface of the sun has the  value 

&3= Bec05i/D(fLLJ 

For computation, t h e  fo l lowing  t r i g m c m t r i c  re la t iomhips  

& A =  - A o <  7? 
e 

exis t .  

Therefore, t he  incrment  of energy & f a l l i n g  o r to  the surfzcc- S1 

Noting that t h e  radius of t h e  sun and t h e  distance L of 

the earth to the sun have t h e  respective vzlues 
/O Po Z 6 , S S  sfjo m. 

4 
L 2 1 gv. s 1.443 310 cnz 

t h e  ra t ion R/L stands at 

-LfnilLe i t s  square anounts t o  

One can develop i n  series the  expression fox' t he  incrempt o? 
order 

flux 4/E aad neglect t he  terms of order higher t'm t h e  secoiid 'e.---&=. 

T h i s  operation yields t he  expression: 

40 



the  approxOute expession: 

R a c e  the br5gktness 3D of the  surface is  une~uivoczi ly  

related t o  t he  r&iant ene.r$g Z received :?er unit  s:irface, per second,, 

at the  d i s tmee  of t'ne ear th  by 

41 



- .  _. .~ . .. . . ... .. 

42 



. _ I . ,  
. .. .. t.. 

.08 

Cathode 
k d i a n t  
Sensitivity 
bPb .06 

.02 

0 

i 
4 

i 

1!yyi ca l  S p  c .t ral 2 2  s pcn G e c'ao x c ,  t 
of the  E.El,IZ. Pho tonu l t ip l i e r  Type 541.4 - 01 - 1.4 
Venetian 13lind Type - 24 Dynodes 

5 <, P e s 

i 

4.3 



. _. .. ..... . .  .-- - ......... ~ " ~ .~.. . ... 

impressive. 

106 107 
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G 105 
0 
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amplification of 90 5 
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Vibrzt ion 
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Fron those typ ica l  data  ly'kich can be biproved through sei.ecti.cn CZ t h e  

tube it i s  possible t o  es tab l i sh  the t en ta t ive  perfornar,ces of t k e  sj-stLx 

under p rac t i ca l  confition. 

The normal perfomances have been plot,ted for ease of ~ ~ l u a t L o r :  i n  t a r x s  

of impinging energy and current amplification. 

amplification of 10 6 , achieved f a r  m apode voltage cf sane 2100 volts,  -the 

Under a cathode c w r e z t  

squivalent noise current reaches a value of 

amper LN = 2.53 x lomn 
I 

while the dark cu r rem a t  the  anode represents some 

i = 2 10-9 amper 
D 

On the  graph, anode currents are p1c;tted i n  function of the mFiL!.ficsi;ion 

of the  tube and fo r  d i f f e ren t  levels of impinging r a d i m t  energies. 

It must be pointed oLit t h a t  the anode current  c;haracteristics, n e a r l y  

s t r a igh t  l i n e s  V.S. the anplification, a r e  given for- rad ian t  ecergies exprL'sslxl 

I n  ergs per second f a l l i n g  onto t h e  cethode. Those en:,rgies a r e  conp,?rea 

against the  rsdiant  energy of the sun fa.1li.q; onto a miit swface of one s q x r z  

centimeter, outside the earth atmosphere, per arigstrcrn arid par secondc 

The reference l ine ,  dash and dot, f o r  the anode current passing at j.1 

amper f o r  G = lo6 and corresponding to an incident radiant  energy- of 200 ergs 

per second has been t raced i n  due reference t o  t he  energy o f  some 195-138 ei*gS 

per cm 2 , per second and per angstrom a s  reported by Johnson 19% f o r  the s o l =  

f lux  outside the ear th  atmosphere in the wave length rm.ge of 5300 -Lc SLOO 

angstroms. 

Therefore, fo r  a p rac t i ca l  passing band of 100 Ao, defiriing an energy GI 

SOIW 2 x 10'J ergs per second, W I ~  ~ b - k i n s  

arcpers a t  G =  LO6. 
-63 10 , forms the base l i n e  fo r  the design. 

e q ~ i ~ d e ~ t  a ~ ~ j d e  c i ~ r s n t  ~f 11; 

The double dash l i n e  paasirii through the  point 110 &xps 

6 
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0 

The determination of t he  degree of poiarj.zation of tine zodiacal 3 g h t  

requires  t h a t  the f rac t ion  o f  the light energy wkich is plane polarized 'oe 

extractad fzvm tho  to ta l  onssgy, 

cases, tho determination of the f r x t i o n  represented by t h e  polarizcd enc:rg, 

imposes the  measurement of the enery;y passiag fnrcugh ar. analyLer ir- fuinction 

of known angular posit ions of i t s  axis of  polariza-Lion. 

observations, a t  two kr,orm angular ?ositici:s, are requtred. 

S3iffsrcjn.t proced-wos e m  be d;.visedre In all 

Az l eas t  TTJO 

The necessary conititions f o r  observat,ion ar.d t h e  degree of accwecy ;Ai& 

can be secured can be analyzed readily, 

Let's consider an a x i s  of reference OX from xhich a l l  wgular  positiord3 

are measwed, 

l i g h t  is detemined by i ts  angular dlstancefifrcm -&e &xis Ox. 

Then, t he  d i rec t ion  or" i&e ; ~ ? p l i t u ~ ' e  A 0  of t he  plane po lmized  
I 

If one places, on t h e  Light bem, an analyzer %, T ~ t h  its &xis of 

polar izat ion a t  the  angular distance 

coniponsnt of the  plane polarized cznplitude along the d i rec t ion  PL is  giv-en by: 

from the reckoning direczion, *,e 4 

The correspondirg, energy measwzble a t  t h e  e.dt of  the  axalyzer beccxes 

t o t a l  er,ergy reaching the  li&t trmsducer i s  given by: 

0 
2 

B -3 
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Y* 

d 

OR 

% 

A, 

orthogonal w:es in the p l a e  of the  ecl:iptic 

exis r,om.d. t o  the  ec l ip t ic ,  

from the sun zt the origin of’ t h e  axzs 09 rel‘erence. 

radial direction issued froa %he sui mi! intersectins the  line 

sight vi’ 
of 

m@lw elevat ioa of the direction OR reclmned 5”rom the  2-e of t h e  

ecl ipbic .  

mpli tude of plme polaizecl light 

orthogonzl t:, the  d i rec t ion  08 

rj”, a d  ?% direct ions of t h e  aictlyser axis consecutive .to a;? m,dzz 

aisplacemat 
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i n  

O f  

f =  
d 

m-6 
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after simplification: 
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I .  

of rnexxrexent, are  c l ea r .1~  cef i::ed bjr: 

q = %  - -54 A- yx = -5/2 

0 case. 

-La t h e  
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I 

s.25 x loiJ 

7.01 x lo" 

5,32 x 1C 6 

3.00 x 106 

0.436 x 10 6 

, .  Those values are presented in form o f  a graph for r ~ g i d  exaL5nscxn. 
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Emitted energy in ergs / c m 2 ; ~ a c ;  Ao 
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The values of the vave lengths corresponding t o  Ghe peak of e d s s i o n  arc 

obtained from Wien's l a w  
0 

1 z 0.289 7 /T 
P 

and are f o d  t o  be 

227-5- 

6 It is seen that the briightness of 314 x 10 ergs/cm'. sec.100 Ao ,t - 5300 A 0  fo r  the  temperature of 6000° K differs f r o m  tho compilation by 

C, W, Allen (3.955) f o r  t he  sun Drightness, a t  the  same wave length, reported 

at 294 x IO6 ergs/m2. sect ,100 A', 

The r e l a t i v e  difference amounts to 

Considering t he  d i f f e ren t i a l  of the Plancklq formula with respect  t o  the 

temperature, t h a t  is 

one, obtains a temperature difference of some : 

A T Z  &oak 
correspclnding t o  5920' K fo r  the equivalent temperature & the sun avercged 

over i t a  disk, 

transducer, the temperature of' 6000° K has been elected. 

A e  , amounting t o  a small. peraentrge, can be easily introduced. 

Heme the evalua%ion of t he  performance of the light 

The correction i n  

Tne i r r ad ian t  energiczls per cm:. sec .b i  a r e  o'otaineb ciirectiy by divicixi: 

the computed emitted energfss by; a 4 
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the  square of the r a t i o  cf che dlLmrrcs cf the eai-th M :he sun by the racius  

of the sun. 

Hc:.;sver t o  perrnit a d i r ec t  coxpr i son  x i t k  ti,e v d u 5 ; j  o f  J o h s o n f s  (i35L) 

Solar Spectral  Irradiance given 12 crgs/cir. 2 . sec,I?’ a t  t h h  d i s t m c e  of the sarkh. 

The ernictsd energies a l ready computed f o r  d 

lo6 .as tead and reported i n  the  r l e x t  chart .  

= 100 A’ are  divided by 4.62 x 

Those data can be used t o  determine d i r e c t l y  the rarsrence anode current 

output of the photornultiplier, Tne refercnce cwrsnt  e q u d s  the product of 
! the i r r zd ian t  energies per cm. 2 sec,A 0 times the catkode rhdiant s e n s i t i v i t y  

% i n  an?er/watt, t i xes  the e l e c t e d  amplifica,, Tfon fac tor  . Those vhlues 

have been determined f o r  the cas6 of the  E.X.R. SW-Ol-U, which, frm ibe 

preliminary sezrch, stands ou t  f o r  its extremely iow dark current a d  noise 

equivale nG current input. 

The reference anode currents are also enterea l a t h s  fo l lo - ing  char t  Cos 
I 

rapid reference and given in the corresponding graph b terms of wave length. 
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Reference Anode Cur ren t  in .bp  fo r  2 . L R .  54IA-91-1~ 

V.S* !*lavelength fo=. T = 6000' K 

Wavelength Irradiant  Energy CzthodeiLadiant hncde Cw.;.ent 

E €?rgs/c;n? B@C,A0 Sensitivity ub A/W de in a t  
K AxplificLticn 

2 AQ 

6 G = 10 

8000 

7000 

6500 
I 

6000 

180 

196 

209 

213 

217 

201 

boo0 198 

I 3500 164 

0.022 14 

0.180 

0.975 
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Photo multiplier in f'mctiou 03 the solar irradia.n-- energy, at the  disza.nce 

of the earth, computed on the  basis of a 6000°1< teqarct;t;urtt, is shotrn r-ts 

Actual solar irradimt cnezgies c m  be cvakxzed Jn tcrms of per c m t  'i 
dev4ation from the basis of: reference. 
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- . - . -.* -. .. -~.--- .. -. , -. .- .._ - ,  -. ._ .... _ _  - . ... . . . . . 

indicated by Johnson a s  inclicazed i n  she foEo:S:~g ckart,  

Wwelength 2 5000 A= 531.20 5500 6030 A" 

Irradiances : Ccnputec! I 21? P Z Y S  2 13 299 196 

Irradiances:  Reported 198 e495 195 195 183. 

% Deviation + 9.6% + 3.23 ;  + ?.$ +. 8.3; 

It is noted tha t  t h e  d e v i a t i o x   re C O i i s l s t Z q t  a?d that $5 vd.lzes 

obtained a t  6 0 0 0 ~  K should be decreassZ by 

ing. 

average of 8.5% for f i m l  desigc- 

I n  view o f  the agrement existing betmen reparted an& ccnpLited valu3s of 

the solar i r radiances one can safely predict  the current output of the photo- 

mul t ip l ie r  i n  function of the brightness or" the  zodiacal l i g h t  wkich has 
3 

been referred t o  the brightness sa of thz iritegrated so l=  disc.  But the  

zodiacal l i g h t  being an extended sorc*ce, the available flux 02 energy p s  uni t  

area becomes equal t o  the product of the Srie;"ltness of t h e  source -times the 

s o l i d  m g l e  i n  steradian, corresponding t G  t he  elected angular f i e l d  of vie:? 

z/ of the instrument, 

Normally i n  instrument design, ths f i e l d  of view i s  expessed  i n  

degree. Its corresponding so l id  angle can be taken as 

0 without sens ib le  error f o r  the  range of few degrees i n  E/ .  
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g iven by e i ther  

o r  

P Where &" 
re la t ionship  : 

i.s the angular diameter of the  sun taken at 32 . Ynis leac",s t o  the 

from which one obtains d i r e c t l y  t h e  er;ergy collhected by t t e  reqxhed  alocal 

telescope characterized by its equivalsnt c3.ear diameter 2 and ii.s ovcr 211 

T *  transnission f a c t o r  

Hence t h e  relationship: E- 12 

cathode of the transducer ~ a r 5 . e ~  wSSh the s q ~ ~ e  of the mgle of fizld of V ~ W  

;I/ and the square of the clear di:une<er of t he  afocal telescope, At first  

glance, pract ical  dinensions of 3 = ..O cm and u = 2" wcu-i give a collecting 
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leading t o  a h i g h  s i g n a i  t o  ~ i s e  r a t i o .  

Bit, Gne faces  s-riccs l iz i ta t ims  Lip.;cd by %:e Irhei-ec‘i. b e h a l o r  of 

an afocal telescope be it 02 t he  posi%ive-positive type, as shotm ir ,  the 

figure,  o r  or” ttel positive-negative qqJe a 

F i r s t  of a l l  and most h p o r t a n t  ir. the  ciiscussion appexs  t o  be the 
7 

angular degree of col l ixat ion at t h e  exi t  pupil  which i s  located a t  the 

princLpal pisne of the  secondary objective. 

a n g d a r  f i e l d  of view u 
of the  primzry and secondary objectives by: 

it i s  exp:,:ssed i n  terms of the 

of  t h e  system ar,d of the f o c a l  lengths p a d  f ‘  

28-23 
p‘ f ’  

since t h e  angular f i e l d  of view rexrsins sinall, a f e w  degrees’: the  angle eqwls 

its tangent f o r  practical purpose. 
9 

The degree of collixiation, rceasurea by u , must be kept 7 i t h i n  the prac t i ca l  

angular accep”,ar,ce of the polar iz  ir ,g element, which remains always l imited by 

consideration of t o t a l  ex t inc t icn  of t he  f ie ld .  

Certainly polar izers  elements can be seLected which admit r a the r  la rge  

angles of  collimation o r  f i e l d  of  view such as: Polaroid film o r  Nicol’s 

prisms but then t o t a l  ext inct ion cannot be secured. On t h e  other hand prisms 

such as the  Glan’s or  t he  Rouyfs prisms achieve t o t a l  ext inct ion but  t h e i r  

t o t a l  f i e l d  of view is  limited t o  some 8 degrees. 

po lar iz ing  element must  be considered carefully. 

t he  prism must be evaluated a l s o  with respect t o  the  spherical  aberrations of 

both primary and secocdary objectives which r e s t r i c t  somexhat t h e  angle of 

f i e l d  of view depending upon the  residual caustic.  

A150 t h e  transmission of the 

The zngular acceptance of 
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DI clecz clizziz",cr of -,hz second3ry obJeci;ive 

U angulu f i e l d  OF view fo r  t h e  front o'ujectii-fe 

limited by %Le e.perture df of the f - idc i  die,phraga 

Up relakive field of view f o r  the seconciary objective defined by the  

aperture df of the diq'hragx 

i 
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A second factor  lt;hj&i c a n m t  b e  ;IsreF:rded i n  t h e  evzluaiicn is the 
/ 

diameter 3 of t h e  c~l:Lir:,ated bew. 5~vernc : i  by The r e l a t i v e  aixrture of the  0 
zfocal telescope. IE fact these ?ara::etera a re  re la ted  t o  each other  'cy 

The pxzct. opt.ini~m values w i l l .  hzve t o  'he d.et,ermir.ed in f u ~ c t i o n  of the 

r e s t r i c t ions  of weight and. volmes. 

Keeping i n  nind the  rea l iza t lcn  of t he  system one can take a p rac t i ca l  

value of Uz6" for t h e  collirnatim a r i  2 z lezr  citaneter o f  6 m s  for the  

p r i m r y  objective. 

view z/= 2'. 

This choice cf di.i:ensions permits aa angle of f i e l d  of 

Eencc an at ta inable  collecting coef f ic ien t  of  

,% 2.767s(6)~(2)"= 398 c m  2 &= 

Then the  anode current output f o r  a tflical E.X.R. SLlA.-Ol-lL can be 

computed on the bas i s  of a band p a s s d l  equivalent t o  120 A'. 

being of the  form: 

Its expression 

Inhere : 

nx 

cathode sens i t i v  ty  = A/lzratt 

6 arnplif i ca t ion  = 10 

equivalent c lear  2ollecting ' = 36 cm2 

angle of f i e l d  of view = 20 

irradiance = ergs/cnr?,sec,AO 

i=ela-,i~e bli-ight~ess of zodiacal l i g h t ;  I i - ,.-13 

spec t r a l  band pass = 100 .fL0 

transmission of tine po lar izer  = LS% 

EiKiXU?!l 
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. *  crystal. h a ~ e  been t e s t e d  2.t h i g h e r  values xi;hout z i i r e f l ec t i c jn  coat-in& a t  

the  en t rame a .x i  e x i t  s-ml"ace:;. Scm exp&::.ental values aye indicated here 

unpolarized and f o r  polarized l.ig!?t. 

60CO 

45co 

hoe0 

3503 

Single Cut 

'Jfipolarized 2o:l-ari.z e6 
Lighz Light 

43.7 % 87.1: $ 

42 P 84 $ 

Double Cut 

Ufi@z-ized Polarized 
Light Lighs 

39.1. $ 78.2 $ 

d 36.5 $ 73 P 

Losses by re f l ec t ion  can be decreased ccnsiderably. A s i n g l e  magnesiw! 

f luor ide  coating, quarter  wave length, redcces the r e f l ec t ion  losses t o  0rii.y 

1.2;; per air t o  refkacting material swface ,  

been achieved i n  this dorrain: 

For instance a triple coating defined by 4 f l  f + 36 c.0' 4 

on the substrate secwes  a zero r e f l ec t i cn  loss a t  53C3 A' wkile t h e  losses are 

still. 0.4% a t  4500 A' and 0.2% a t  6000 A'. 

Yet ccnsiaerable prGEress has 

J. T. Cox and G. Hass - J.G.S.A. - September 1962. 

cc F3 
4 . 9 t  2 4 

0 
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iakeii 2 5  

The 

as their 

6 f o r  the anpi i f ica t ion  

basis of the irradiznces comr;uted f o r  a teqxi-a~'i;"b of  6COG" K. 

= 10 , arc; t a b u l s t e d  i n  t he  f o l l o h i n g  chart  on t h e  

Was e length 

3 

6503 

6000 

ssco 
5300 

5000 

4500 

4000 

3500 

I n - 2  diance 

IE.) 5000 K 

180 9 : j  

196 

209 

213 

217 

203. 

298 

164 

1,225 x LO"? 

1,70 x IO-? 

1.855 10-9 

1-95 x 10-9 

1,745; x 

0,967 x loa9 

Rat io  

1-55 

12.72 

148 .I; 

67.2 

7304 

77 02 

68.8 

36.2 
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-7 . i x ; r u x n t a l  opt ics  

L i g h t  energy transducer c i r cu i t  

5;iwtronj.cs and cyc l i ng  -7 

Ezta h a d l i n g  m d  trsnsmtssion 

Esch group can be 2nd w i l l  have t o  be d i v i h d  in subgroups o r  s u b  

assexblies t c  study theFr r e l a t ive  liaisons a G  cap5:ndencies. 
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l i t t l e  i r r ad ian t  energy per unit area is  available.  

rnar,d.at,ory. 

type, e i the r  catadioptr ic  or  dioptric,  focusing a l l  the light energy i21to ai 

extreniely small c i r c l e  of confusion. kt, t he  large angles of corivergence, 

f o r  t h e  rriarginal rays, found i n  those systems are  r m d i l y  unccnpatibls wi th  

.4 col lec tor  of  energy i s  

Collectors of l i g h t  energy could be, a% pr ior i ,  of the converging 0 

t h e  angular acceptance of polarizing systems which is  generally l imited t o  a 

few degrees. 

the col lector  must be an afocal telesccpe system f o r  over a l l  conpat ibi l i ty ,  

The study of the  opt ical  co l lec tors  indicates  that ,  i n  that czse, 

The afoca l  telescopes are of two kinds. The positive-positive s y s t m  and 

the  positive-negative one. 

an entering collimated beam i n t o  an merging one of smaller diameter. 

Both systems having a zero convergence tramform 

The 

r a t i o  of the  diameters of t h e  col-lbated beams i s  s t r i c t l y  defined by the  r a t i o  

!y#) of the  foca l  length of the secondary o r  back objective f' onto the f o c d  

length f of the  primary or  f r o n t  objective. 

However the types of afocal telescope dLffer from each other  i n  terms 03 

t h e i r  over a l l  length L . For the  positive-positive system the  over a l l  le f igth 

Lp is  given by the  sum of t h e  focal  distances of t he  objectives 

while f o r  the  positive-negative one, the over a l l  length Lo redwes t o  t h e  

differenca of  t he  foca l  distances, yielding 
z-3 

The positive-negative afocal  telescope would be more su i tab le  s ince i t s  

-4 

i s  the  srnallest one. 
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.. iiowever the choice, here, is  conditioned by the eventual i ty  of a dirsci. 

For that reason one must e l e c t  the p o s i t i ~ e -  o r  nezr s i g h t i n g  i n to  the sun. a 
posit,;ive s;jstene 

positionad cit  the  accessible foca l  plane of +,he prixary cbject ive.  

diaphragm t$ a lso  defines the angular acceptance zf of t h e  sys~ern and controls  

ths  6egree of collimation I/' of the ernerging beam through the  e x i s t i n g  

A well  defined, r ea l  field s to?  diaphraga d c a  bs f 
T h i s  

P' 
-# 

tan Lf = dp 
f 

and f o r  small anglss 

u ' g  f.u 
f '  

3 -7  

The angular f i e l d s  of views u' and L/ hzve alr3ady been discussed i n  

terms of requirements f o r  lfght ene rgy to  s e c w e  an adequate u l d  safe  l e v e l  of 

s igna l  t o  noise r a t i o e  Thus the  tentat ive design revolves around the  fol lo~i- .ng 

dimensions : 
w u = angular f i e l d  of view 2 degrees 

2 = c lea r  equivalent 3.imeter = 6 clns 

U' = angular collimation = 6 degrees 

-8' = clear equivalent diameter = 2 ems 

& 

.v 

Y 

!yf = foca l  length ratio = 113 

Ynose dimensions lead t o  a pract ical  col lect ing coef f ic ien t  5 of some 

as already esf,ablished and which has been fwmd suff ic ien t .  0 I 
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The exact focal  lengths f and consequently 

0 , indicated at 

. ..... 

f' =e tentati-Jely 

n 4 f = foca l  length of p rbmjy  objective = 10 cxs 
N f' -- focal  length o f  seconda-ry 03jective = 3.33 CES 

a = angular convergence of marginal rays = 16' 40 leading to 4 I 

t o  a p rac t i ca l  over a l l  length of the afocal  teleszope o f :  

KO f i n a l  decision can be taken at t h i s  point i n  v i e w  o f  the f a c t  that t he  

'colera3le spherical  and chromatic aberrations of  the system w i l l  have t o  be 

exactly evaluated. 

diameter o f  the objective while t h o  axial chromatic aberrations vwy witin the 

f o c z l  length. Only an optimm compromise can be achieved. However t h e  r z t i o  

02 the  dimensions indicated for f md f i s  i n  l i n e  with the estabEshed 

behavior of the a foca l  p a t  of zoom lenses. It could be possible t c  Teach 2 

1/3.5 r a t i o  but a t  the  expenses of serious opt ica l  com-lications which would 

e n t a i l  a larger loss of l i g h t  by reflect5-on losses. 

Spherlcal aberrations, on axis, vary with the  square 02 the  

I 

I 

As -to tine nature of both prharrry and secondary objectives, they can be 

t en ta t ive ly  specified i n  view or" the enviromental  conc'itions which forbid the  

use of r"0ggir.s re f rac t ing  materials and cementing. 

The prixar-y objective wodd incorporate two elements: a posi t ive elexent  

workhg  a t  the minimdm of sphericai  a b e x a t i o n  followed by a stigmatic posi t ive 

meniscus which can be designed t o  correct, i n  par t ,  sone of the  spherical  

aberrations of the f ront  elenent. This conpromise results i n  s m e  losses of 

the s t igmat ic i ty  of  the  meniscus. 

~ ~ ~ ~ . ~ ~ i l  3 - A - rn77-0 s i l i r s  glass, ansi-rers fully the non fogging r-- ------ 
requ-h-ernant for t he  r e f r a c t h g  material and should be elected f o r  t h e  two 

conponenis of the  f r o n t  objective. 0 



0 

0 

IIGbX3 x - 1 

Pun, a fccz l  telescope hc lud ing  a pr2.rm-y uos i t ivs  objective Etnd a 

secoridary ob jec tkve coilects the  i r m d i a a t  energy and collf;iiates the 15g?k 

I s,C.f Rcuy single  cut prism 

shp Stop (iia,?kL-uw 

2' Photo rauEtipl ier  

The ingut of SOW energy f o r  reference is injected,  on t i n e  sharing 

fron the c m m l  t o  the  0 basis, t h r w s h  a side ciwmel inclined at 16 1/2 

telescope a i s .  The l i n e  of s igh t  t l rau@ the  sun I s  t en t a t ive ly  phased 90' 

The cilmzZ ixoruorc;tes a light energy ztteuuator,  c o t  show, m d  appropriate 

%xachroxat i c  f i l t e r  

Rmy dcublo c u t  polar iz ing prisu. 

lkrr c e l l  

Rouy single cut  polazizing prism 
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‘?he seccmdmy o r  back objectiva b a b g  of  smaller d l m 3 t e r  allo;.rs Icr.  e correct5on i n  spherical and c’iirma”i,c a’aeri-ations, ;t l e a s t  i n  p,:*t. i i ~ ~ d e  of 

an cncemstec! do;5let, izcluding cne ps i tkV-e  and o x  negativc eie:r,ez%s . .  - 
9 i u  

vi11 have t o  be cver csrrec-Led i n  spherical ~ y 5  chrmn%ic 2serratio:x, 

exact natching of -:he priinary and secondsi-y caust ics  cancot be eqec ted .  

choice of re f rac t ing  m t e r i a l s  is  uni;uestio:-xbLy S. iprzsi l  7 

f o r  t h e  posi t ive ele:nent and tentz.;iv.tly saphire f o r  .:‘ne negative one. 

t h e  seccndary element is  a t  l e a s t  pa;ctfal:!y shielded from d i r e c t  r a d i a t i m ,  

saphi re  could be rsplaced by son12 proven  opt ica l  g lnss ,  i f  t h e  ra te  of  foggin;: 

i s  deened conpatible with the  duration of the ex~z--inmitati.on, 

?’!?e 

The 

ptlre s i l i c a  +ss, 

Since 

Ahend of the f ie12 diaphregr:i d ri.hich def-ines the angle of  f i e l d  of view, P’ 
and fac ing  the f ron t  o’sjectivz, one can locate  2 r ing  sh?aped l i gh t .  t;.anc;ducer 

defining, through i ts  f r e e  outside diali1e-tcr d a f a i l - s d e  angu1.a~ f i e l d  tt. L - ’  

of View 

would be used, i n  czse of excessive l i g h t  enzrgf due t o  accidental  s izht ing in to  

or  near the  sun, as a secondary fa i l - sa fe  cc:mznd. It can be e i the r  B b a r r l e r  

layer t n e  photocell  o r  a s o l i d  s ta te  piloto conductive c e l l  which, then, could 

be used fcir measurement of whit,e l igh t  i3tegxbai;ed e n e r g  i n  the  direct ion of  

of some six degrees o r  mre. T A e  ou--l+t current of t h i s  t.ransducer 

s igh t  a 

Thus the  described afocal  telescopa provides f o r  a flux o f  zodiacal l i g h t .  

energy which, f o r  a monochromatic filter having an e p i v a l e n t  band pass 88 
of scme 100 zngstrons, centered f o r  instance a t  5300 A’, gives access, t h o u g h  

t h e  whole integrated opt ica l  sys’ierr, to a t x J i c a l  anocie ctirrent output of 

“his anode cument 1 d appears t o  k.3 in the  r a t i o  of sone 67/1 with re52ec-t 

t o  t he  typical  equivalent noise current of E = 2.53 x 

tef i ta t  i ve ly  e lec ted  3. No R . .5$la-Ol- l4  photomultiplier. 

zxper Df t he  #v 0 
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FIGU3E x - 2 CAS2 I 

r: !.ne vec tor ia l  diagmiin. siiom t h e  successive axiy&~r rotakions of t h e  
i 

0 
a q i i t u d e  vector A, of the  plme polarized light causei! by t he  introchction 

of t.be i-0tatoi-s Q1 01' 02 t o  bring t h e  vector -40 either i n  the positioxi 

noma1  t o  the  analyser axis OP o r  into the posi t ion A 0 2  par-file1 50 it. 

Ffga;E x - j 1-J 

'Vectxial  dfag~ara s! io.csl~ t he  effect  of the inti.oduction of aa auxiliwy 

1 rotzkor ~r~ causing zn addi t ive rotat ion of 1-450 of %e di rec t ion  of the 

q l i t u d e  vector A 0  of the plme polarized Eat. 

polzc-lzed amplitude direct ions Ao2 

o r  the -31s - 45' f A d  

=:is giving access t o  th2 a.ngu.3~ deviation 

Die f i n d  p l s e  

make e i t h e r  the angle +4jo + 
t 1 

and Aol 

-dth respcct t o  t h e  d i rec t ion  OP of t h e  aQyser  
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Tie c o l l i m t e d  l i g h t  beam exitins f r o a  the secondary objective,  i n  its 

ou-tside t h e  collimated beam and replaced by %he adjacent quartz c r y s t a l  :2late 

ro t a to r  &A . 
in 2 direc%iolr, nppsi i -e  t.0 t h e  previous O ~ R  but equal i n  mzgnitude. 

This one w i l l  rotate t h e  direct ion of the  plane polarized light, 

Tnis arrangexent permits the  exmination and nieaswernent of t h e  zodiacal 

l l g h t  f o r  its degree or" p d a r i z a t i o n  a x i  brightness i n  accordance with the 

analy t ica l  development of t he  difference t o  the SWI r a t i o ,  It i s  the  rrinimm 

r e q u i r e m n t  since the ro t a t ion  of t'le rnai-n .aal .per  onto t h e  two prefer: :d 

directions,  nornal and parallel t o  t'ne ray issuzd from tine sun and intersect ing 

the  line of  sight,, appears a s  not (,rite prac t ica l  f o r  ssveral reasonso Con- 

s ider ing t h e  weight of those quartz c rys t a l  plates,  a few grams, is already a 

very favorable fac tor  in t h e i r  favor, 

'The use of rotat0L-s f o r  shiftir-g the  directior.  of tihit plane p o l z i z e d  

axplitude e n t a i l s  the  recording and integrat ing of  several consecutive cycles 

of t he  same lcind. I; is  deemed favoyable in the over all pic turc  since by t h i s  

process, equivalent t o  a low band pass system one can reduce appreciably the  

r,oise 1 ;vel. 

I If moPe re l i a5 le  datz a r e  t o  be obtained through sh i f t ing  of tke  t x o  zxes 

of reference 1" and 7 by t h e  angular d i s t m c e  d'- ? 4 4  , as indicated i n  the 

ana ly t i ca l  study, then those rotators  must, be e i t h e r  preceded  or  fo l loxed  by 
2 

-kn/4 a d  -q4 . They ;re equal io the previous omsb 

Thus w i t 3  t he  rota%ors & , t h e  @-;ne polari;zd l i g h t  i s  entering t h e  

analyzer with the direccion of i t s  amplitude e i t h e r  p a r a l l e l  o r  normal t o  the  
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axis o f  the analyzer. 

r o t  a t  o r  s (?" t he  plane polarized l i g h t  ente-s the analyzer xi%:? i t s  anplitude 

a5 the angular distance r / .  + A d  or  ~i /4  - A d  . Yfiis last nr,easx-e::.ect 

?rovidcs tke  exact de t e ra imt ion  of t h e  possible deviation dCy and a l s o  perxi ts  

On the cmtrary,  w i t h  the  combination of the  added 

t o  introduce correct ive terms, as definsd i n  the  analysis, i n t o  the  value of 

the degree of polar izat ion . ?* 
&fore entering the analyzerJ t k  e l i g h t  beam traverses a monochromatic 

f i l t e r  W, interference type, having i t s  peak of transmission centered onto t h e  

elected wave length and having a band pass of some 100 angstroms. The substrate  

of t h e  monochromtic f i l t e r ,  o r  f i l t e r s ,  should be preferen t ia l ly  S u p r a s i l l  

pure s i l i c a  glass. 

cu'riage, v&kb., t o  be introduced elect ively onto the beam, upon comand. 

Eventual lythe monochromatic f i l ters could be replaced i n  a more sophisticated 

design by a miniaturized and simplified gratLng monochromator providing t h a t  it 

be placed a f t e r  t h e  analyzer system. 

Several of those filters can be arranged i n t o  a proper 
(w i; e e l )  

This posi t ion would have t o  be observed t o  

eliminate t h e  con?onent o f  plane polarization, normal t o  t he  exit sl i t ,  

charac te r i s t ic  of any monochromator behavior. 

Considering the f ac t  t h a t  t h e  light beam del ivered by t h e  a foca l  col lect ing 

tel.escope i s  already collimated the rea l iza t ion  of t he  monochromator would 

e n t a i l  the  addition of a grating, about 1 x 1 square inch, a s m a l l  o f f  ax is  

parabolic mirror, b 1 inch i n  diameter and one exit  s l i t  o r  exit pupi l  of t h e  

f i lar  opt ics  type. The def in i t ion  of t he  band pass would have t o  be computed 

and corripared against t he  achievable spec t ra l  transmission of an interference 

monochromatic f i l t e r .  

The monochromator would of fe r  a b e t t e r  investigation of t h e  influencs of 

the w a v s  length upon t h e  scattering. An aspect of r e a l  importance. 

0 At t h e  emergence of the monochromatic f i l t e r  MF, the  l i g h t  beam enters  

the analyzer proper DCP as shown i n  the  diagram of the instrument. For this 
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analyzer, ?&Those sxis of polarization ? i s  pivferably located a t  45,' fmx the 

norrtal W t o  t he  radius F, issued from the sun and i rkerszct ing the l i ce  cf 

sight, the  choice of ;r 3ouy1s double cut prism is favored. 

transxlssion excaeds 45$, though soraewhat iower than the transmission c b t a h -  

able wit'n t h e  s ingle  cuk Rouy's prism, it i s  about double t h e  value of t h e  

transmission charac te r i s t ic  of t he  Gianls prism. 

0 
Its over d2. 

hreover ,  contrary' t o  t he  other t&es of polarizing prisms i t s  field 02 

viex, soms 8 1/2', is  pos i t ive ly  defined and E x i t e d  by t o t a l  re jec t ion  f o r  

rays whose angle of incidence exceeds b l/bo i n  absolute value from the axis 

of the  prism. The l i g h t  beam exLting fron such prism is  always loo$ golarized. 

FOP fu-the? precaution a p la t e  of black g l a s s  Bg i s  maintained i n  close contzct 

w i t h  the long s i d e  of the prism. 

of tine l i g h t  r e f l ec t ed  toward the telesco2e by r e f l ec t ion  on the  side. 

not a necessary procedure but an added safety feature.  

Its pwpose i s  t o  lager t h e  l i g n t  energy level 

It i s  

Following the  analyzer prism DC?, a Kerrls ce l l  Kc i s  placed onto the  

b e m  with i ts  fast F and slow S axes orientated t o  forin angles of +45' and -k5O 

respect ively with t h e  axis of the  polxrizing prism. 

dua l i ty  of purpose and governs the  fmctioni.ng of the  instrumnt .  

This Kerrts cell has a 

Upon i t s  excitation, a t  t h e  atleqmte f i e l d  gradient, t h e  Kerr's c e l l  trans- 

fans  the  plane polarized l i g h t  int.0 c i rcu lar  polarized l i g h t  energy id-iich car. 

then  t raverse  a polarizing prism SC?, ?laced after the  c e l l ,  a t  50; transmission 

i r re levant  of i ts  aqplar or len ta t lm.  

e l e c t r o s t a t i c  f i e l d  is  r,ot applied, t h e  plane polarized light r m a i n s  unaf2ected 

i n  both amplitude ar.d nature and enters the second polarizing prism SCP. 

On t h e  contrary, when the excit ing 

This 

p r i s ~ ,  ::hjrh ~ 2 2  be 2 F.gl~;.'s s i n g l e  cl3.t Prism On aCCQzll?_t of i t s  higher t r a n s -  

rxissioz, i s  or ientated with i t s  axis normal t o  t h e  d i rec t ion  of the  axis of the  

double c:.lrt p r i sx  t o  secure t o t a l  extinction of the  plzne polarized l i gh t .  
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T'nus, when the Kerr's c e l l  is not excited, no l i g h t  can reach the phoi;o- 

mult ipl ier .  

when the Kerr's ce l l  i s  excited. 

On the con-kary, the l i g h t  energy reaches the photomultiplier 

The f irst  puqose of t he  Kerrls c e l l  i s  t o  introduce a 1OG$ xcduiation 

of the l i g h t  energy reaching the phototransducer as imposed by the dark 

current computed a t  = 2.03 x amper. A t  what freqcency the Kerr's c e l l  
0 

sh=.;ld 52 m=&&t& is prese~tl ; .  t bs  patt2r =f 22 a,nal, C n ~ - e + m m n L  i n  v r 4  ~ 7 7  '*' I,& G O V I I & = A A V  .LA* 1LU.l 

of the poss ib i l i t y  of attenuating the noise caused by a star crossizzg, 

Unquestionably, the frequency of modulation should not be chosen m u l l e r  than 

t h a t  equivalent t o  an angle of scan o f  3 degrees. 

vehicle,  ro t a t ing  a t  some 1/2 RPS, the frequency should not be lower thaz 

I n  the case o f  t he  C.S.O. 

3 ? 60 cycles per second. 

The second purpose of the Kerr's c e l l  i s  t o  protect the  l i g h t  transducer 

Indeed, t he  f i e l d  o f  exc i ta t ion  can be collapsed from excessive i r rad ia t ion .  

instantaneously when a properly angu la r ly  located sensor sends a signal of 

proper s t rength  i n t o  the  power source of the  modulator. For instance, the 

suggested annular sedor 

a t  l e a s t  one of  t h e  sa fe ty  sensors. 

cornmand act ing independently and preceeding, i n  angular relationship,  the 

afocal telescope. 

of the modulation, of such magnitude that the  protection would be 100% e"fect ive 

i n  a l l  eventuality. 

si , placed ahead of the f ie ld  diaphragm d can be P f 
It is deemed safer  t o  incorporate a second 

This sensor could impose a t ime zonstant, f o r  t h e  recovery 

There is a l so  a phase of t he  szannir! cycle which is  worth spec i f i c  

a t tent ion.  

ai-o-md t h e  earth,  the t e l e s c ~ p e  w i l !  be directed +,cxsrd 'the e z t h  si;-faczo 

F i r s t  looking a t  t h e  upper layers  of the atmosphere then l a t e r  a t  t h e  d u k  

surface. 

For approximatively half  of t he  period o f  revolution of t h e  vehicle 

For a short  period of t ime t h e  telescope w i l l  be directed along a 0 
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FIGUIIE x - 4 a 

0 The f i e l d  of view limited t o  sorce 8 1/2 for bo$h Glsn and Rouy 

s ingle  cut prisms is boirnded at the right by t o t d l  re.jection of light 

energy and at the left, by admission of unpolarized lighk 

FIGURE X - 4 b 
The f i e l d  of view, limited to some 8 L/2O for a Rouy double cut prism, 

The p r i m  can is bounded on each s ide  by t o t a l  re ject ion of light energy. 

pass only the  ex t ra  ordinary polarized l i g h t  energy. 

FIGURE X - 5 
The l ight  enargy of reference %, obtained from d i rec t  s igh t ing  i n t o  the 

sun through a referenctng Omme1 ixor-porating a cdi ,brated attenustor, is 

injected i n t o  the  system at half a fub r  distance between t'ne p e d s  of the 

zodiacal l i g h t  occuring at the elongations E/  and E, 
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Poler ia ing  Prisns 

Aspects B L i m i t s  of fiela of vievi 

I 

Rouy's Single cut 
C l a n '  s 

' f a 

> I 

I L 

I 

I 

Elrightness of the Zodiacal Light 
Injection of Reference Light Energy 
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tangent t c  the upper layers  of the atn;osy;here. 

measurements of radiated energies i n  those areas would have s ig r f i f i  caxce. 

This question has not been exanined as yet. 

c o d d  be brocght t o  bear i n to  t h a t  problem usicg t h e  fail-safe circ~~Ltt?'y ' io 

control t he  procedure. 

strength of t h e  modulatir,g e lec t ros ta t ic  f i e l d  t o  govern t h e  l i g h t  l eve l  reach- 

ing %he tr.nsducer a d  t h i s  w i t h h  T.ke l5mit.s of G t o  loo$, 

It i s  corxeivdcle t h a t  

But t he  basic i r s t - iment ,z~t ion  

Indeed, it is possible t o  ccm2nd and c o ~ z r o l  tAe 

A reference of l i g h t  energy level i s  of p rac t i ca l  necessity. If possible 

At l eas t  

However specid.  attenti.on is 

the  reference shoul6 be taken w i t h  respect t o  the sun's brightness, 

several  methods of referencing car: be designed, 

directed t o  the f a c t  t h a t  r e l i a b i l i t y  i s  of prime importance, 

it is highly desirable  thaG the l i a 'n t  transducer which i s  deteczicg t h e  brighx- 

Along t h i s  line 

ness of t h e  zodiacal l i g h t  be t h e  one look5ng a t  the reference source. 

a r a the r  serious problem. The light energy f o r  t h e  reference muss have, a t  

the  photo-czthode, precisely the  sane physical nature as the l i g h t  emerg-hig 

from the  last polarizing prism SCP, the Smie density d is t r ibu t ion  function and 

the  same angle of incidence. 

This .is 

A prac t ica l  solut ion is  proposed whicn satisfies bas i ca l ly  t h e  req&err,ents . 
For the l i g h t  transducer PM t o  look i n t o  t h e  reference source, use is rade 

One can injec; 

from the  normal t o  the  

1 of the  a i r  m t e r  face re f lec t ing  back surface of the prism SCP. 

the  referencing l i g h t  energy a t  an angle of some 16' 30 

s ide  surface. This referencing beam, being plane polzrized v i%h  the d i rec t ion  

of i t s  amplitude p a r a l l e l  t o  the ref lect ing surface, that is, p a r a l l ~ l  t o  that 

of the  plane polarized energy which traverses noihal ly  the  s )  stem, becones 

ref lected to;nrd t h e  senscr and precisely along the  xaFn z ~ 5 . s ~  

2 

The r e f l ~ s t , i n ~  

power .;t is  r a the r  high owicg t o  t h e  rzngle of incidence a t  the  a i r  space 

surface f o r  one p a r t  and t o  the  fac t  tinat t h e  amplitude i s  p a r a l l e l  t o  the 0 
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re f lec t ing  surface on the  second part. 'Re re f lec t ing  power & hss  been 

evaluated 2% 1;7.3$ f o r  a ware length of  5300 -4'. 

being collimated a t  the s m e  value u' ,  8s prevailing along the  :cain . x i s ,  i s  

also of the s m e  nature as t h a t  cif the normal beam, thaz i s  plane pol.arlzec?, 

with i t s  amplitude nornial t o  the  direction of t h e  amplitude of t h e  norxal 

Thus, the referencirg %em, 
0 

A 

beam a t  i t s  eitlergence from the prism SCP. To bring the relerencirig arr;pli-l;u.de 

prism SCP. I n  t h a t  r e l a t i v e  angular position, a f a r  lower coef f ic ien t  02 

r e f l ec t ion  is cbtained. 

The referencing beamtraverses, before reaching the prism SCP, an 
3 9 

equivalent op t i ca l  c i r c u i t  inclucking a double cut p r i m  CCP , a Kerr's c e l l  Kj- 
t and a s ingle  cut prism SCP This p a r t  of t h e  op t ica l  c i r c u i t  of  reference 

will follow a l i g h t  col lector  pointed totiard. the s m  and the  appropriate 

attenuator.  But l i g h t  co l lec tor  and a t tenuator  become ra the r  small I n  view or" 

the considerable r e l a t i v e  brightness of  the  source. Treatment of t h i s  p a r t  by 

Fiber Optics appears as one of  the simplest and most r e l i ab le  solutions.  

I n  i t s  functioning, the  reference c i r c u i t ,  whose l i n e  of s igh t  i s  phased 

a t  ha.U the angular distance between two consecutive peaks of the  zodiacal 

l i g h t ,  first commands the collapsing t o  z e r o d  the energizing Tield of the 

Kerrgs c e l l  Kp on Lhe telescope axis and opens the  modulated f i e l d  on t h e  

Kerrfs c e l l  Ki . The operation must be gated through a der ivat ion in the 

referencing c i r c u i t .  Thus the modulated energy of t he  reference source enters  

the  l i g h t  transducer and the  amplified output stcreci as reference voltaye i n  
- -  

an eiectrometric tank c i r c u i t .  

t he  r e f e r e m e  channel is completed, the moadation is cut off  on the Kerr*s 

c e l l  K 

wnence the angular scan, a few degrees, i;mou@ 

3 
r and restored on the nain Kerrfs c e l l  K,.. 

0 
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Finally, considering the measurement of  the e l l i p t i c i t y ,  of the zc&zcel 

it suffices -50 in t ro&ze  t k e  l i gh t ,  i n  accordance with t h e  ana ly t ics l  expose ' I  
-a 

quartz c rys t a l  quarter  wave p la t e  a onto the beam and anead 02 t h e  mau- 

analyzer DCP. The l o g i s t i c s  of the measurement are ident ica l  t o  the c x s  

described f o r  t h e  measurement of the degree of polar izat ion and relative 

brightness of the zodiacal l ight .  
, 

Barrhg lirr?i+,atbns imposed by the O.S.O. vehicle, the fessibilf "y 

appears sat isfactory.  

available i n  c l a s s i c a l  subminiaturized form e n t i r e l y  compatible with the  cutput 

of the l i g h t  detector.  

the  existing circuitry of the  vehicle. 

The electronics a r e  not discused here since they a n  

A f h a l  analysis w i l l  have t o  be made with respec t  t c  
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